ABSTRACT. The material for this study was taken from various sites in the Holy Cross Mountains: Studzianna, Huta OP-1 and Przysucha P-3 (bore cores), and Odrowąż (geological outcrop). Palynological and palynofacial analyses were used to reconstruct the Upper Triassic and Lower Jurassic vegetation and palaeoenvironment of that area.
INTRODUCTION
Upper Triassic and Lower Jurassic sediments surround the Palaeozoic core of the Holy Cross Mountains (Góry Świętokrzyskie) to the north, west and south-west. Establishing the stratigraphy and reconstructing the palaeoenvironments of these sediments is made difficult by an insufficiency of agediagnostic index fossils, which is due to the dominance of sediments of terrestrial origin there.
RESEARCH HISTORY
The Triassic sediments lie on an eroded Palaeozoic basement, and their development displays the clear influence of the morphology and structural composition of this basement. The diverse relief of the Palaeozoic bedding surface and its complex tectonic structure resulted in heterogeneous development of the Triassic sediments in the Holy Cross Mts.
Many researchers have investigated the Triassic sediments of the Holy Cross Mts. The Triassic formations were first recognised by Schneider (1829) and next described by Pusch (1836) and Zejszner (1868) . Roemer (1866 Roemer ( , 1868 was the first to confirm the presence of the Upper Buntsandstein in this area. Research was also done by Michalski (1884 Michalski ( , 1888 , Rydzewski (1924) , and Kowalczewski (1926) . The Rhaetian strata were first recognised by Siemieradzki (1887) . The next geological investigations in this region were conducted by Czarnocki (1923 Czarnocki ( , 1925 Czarnocki ( , 1926 Czarnocki ( , 1950 Czarnocki ( , 1958 , Samsonowicz (1929) , Karaszewski (1947 Karaszewski ( , 1949 , Jurkiewiczowa (1947) , and Senkowiczowa (1970) .
Relatively few studies related to the Triassic macroflora of the Holy Cross Mts. area have been published so far. Roemer (1866) gave the first description of plant macroremains from that region, from a site in Mierzęcin. That material was later re-examined by Reymanówna & Barbacka (1981) and Barbacka (1991) . Czarnocki (1925 Czarnocki ( , 1931 and Bocheński (1957) made paleontological analyses of Upper Buntsandstein sediments of the Holy Cross Mts. Pacyna (2014) gave a review of the Triassic macroflora localities of Poland.
The Triassic-Jurassic boundary has drawn the attention of Polish researchers in recent years. Pieńkowski (2004 , Pieńkowski et al. 2008 combined results from his sedimentological research with other geological, mineralogical, and palaeontological analyses to address issues connected with the Triassic-Jurassic boundary in Poland. Brański (2009a Brański ( , b, 2011 ) did mineralogical research.
Lower Jurassic deposits surround the main Palaeozoic core of the Holy Cross Mts. to the north, west and south-west. Schneider gave the first information about these sediments in 1829 (Samsonowicz 1929) . The lithology, stratigraphy, micro-and macroflora of the Lower Jurassic deposits have been examined by Pusch (1831 Pusch ( -1836 Pusch ( , 1837 , Samsonowicz (1929 Samsonowicz ( , 1934 , Karaszewski (1947 Karaszewski ( , 1960 Karaszewski ( , 1962 , Jurkiewiczowa (1967) , and Karaszewski & Kopik (1970) . Pieńkowski (1983) studied the sedimentology of these deposits. The current classification of the Holy Cross Mts. Lower Jurassic deposits is based on sequence stratigraphy (Pieńkowski 2004) .
The palaeontological research initiated by Pusch (1831 Pusch ( -1836 Pusch ( , 1837 ) has continued. Raciborski (1891 Raciborski ( , 1892 and Makarewiczówna (1928) described fossil flora. Since 1987 the plant macroremains from an outcrop in the village of Odrowąż, also known as Sołtyków, have been studied by Reymanówna (1987 , b, 1992 , Wcisło-Luraniec (1991a , and Barbacka et al. (2007 Barbacka et al. ( , 2010 . Marcinkiewicz (1957 , Marcinkiewicz et al. 1960 , Fuglewicz (1973 Fuglewicz ( , 1977 Fuglewicz ( , 1980 , and Mamczar (1971) studied Triassic and Jurassic megaspores and their stratigraphical settings.
Rogalska (1954, 1956 ) was the first to analyse the microflora of Jurassic sediments in Poland, and also made the most detailed description of microspore species from boreholes in this area (Rogalska 1976) . Later palynological research was done by Marcinkiewicz (1957 Marcinkiewicz ( , 1959 Marcinkiewicz ( , 1961 Marcinkiewicz ( , 1966 , Pautsch (1958 Pautsch ( , 1971 Pautsch ( , 1973 , Orłowska-Zwolińska (1960 , Grabowska (1962) , Fijałkowska (1988a Fijałkowska ( , b, 1989a Fijałkowska ( , b, 1991 Fijałkowska ( , 1992 , Ziaja (1989 Ziaja ( , 1991 Ziaja ( , 1992 Ziaja ( , 2006 , and Gedl & Ziaja (2004) . Ziaja (2006) published results from palynological work in Odrowąż, in which she described 63 taxa of pollen grains and spores. Pacyna (2013) has described Lower Jurassic research in Poland in detail. GEOLOGICAL SETTING In the Triassic and Lower Jurassic, sedimentation in the Holy Cross Mts. region took place in the south-eastern zone of the epicontinental Polish Basin (Feist-Burkhardt et al. 2008 , Pieńkowski et al. 2008 . This region constituted the southern part of the axial zone of the Polish Basin, that is, the Mid-Polish Trough. In the Lower Triassic and Lower Jurassic, strong subsidence compensated by sedimentation resulted in thick siliciclastic deposits. In the Norian, dry and warm climate dominated. Sedimentation of pink, red or green-grey sandstones, green-grey dolomitic mudstones, and green, yellow or red claystones took place probably in the channels and on the fluvial plains of braided rivers (Czapowski & Romanek 1986) .
Climate change from dry to wet is observed from the beginning of the Rhaetian, manifested in a change of sediment color from red to grey and in more abundant remains of flora (Deczkowski 1997). The Rhaetian basin in the Holy Cross Mts. margin was probably smaller in extent than the Norian one. Sediments are preserved only in the narrow zone connected with the axial part of the Mid-Polish Trough.
Sedimentation of Jurassic sediments in the epicontinental Polish Basin evidently was preceded by erosion. Due to very low sea level at the end of the Triassic and the beginning of the Jurassic, the basin area was exposed. As presented in Figure 1 , the Upper Rhaetian strata have most often been eroded, and an erosion surface has been recognised at the TriassicJurassic boundary (Pieńkowski 2004) .
The Lower Jurassic deposits in Poland are sediments of a vast inland basin. This basin communicated only with the epicontinental seas of Central and Western Europe (Dadlez 1964 (Dadlez , 1969 . Ammonite fauna remains were found only in Pliensbachian rock in the Pomerania region (Dadlez & Kopik 1972) , hindering efforts to determine the ages of the Lower Jurassic sediments. At the beginning of the Jurassic, the Mid-Polish Trough again became active after a period lasting for most of the Middle and Late Triassic, during which subsidence was not significant.
The Zagaje Formation was deposited in an alluvial-lacustrine environment and is correlated with the initial phase of a transgression which entered the Polish Basin from the west (Pieńkowski 1991 , 2004 , Pieńkowski et al. 2008 . The series reaches 150 m thickness in the southern part of this area. The lower part of the Zagaje Formation is predominated by varigrained sandstone beds formed in diverse fluvial environments. Deposits from braided and meandering rivers pass upwards into lacustrine-backswamp claystones and mudstones with abundant coalified flora remains, rhizoids, and coal levels (Karaszewski 1962 , Karaszewski & Kopik 1970 , Pieńkowski 1983 , 2004 , Pieńkowski & Gierliński 1987 . The occurrence of freshwater ostracods has been confirmed in the upper parts of this series.
The Skłoby Formation, representing Middle Hettangian strata, is built mainly of shallow marine (nearshore and barrier/lagoon) sandstones. To the north-east are deltaic depositional system deposits. This formation reaches 30-100 m thickness. It contains marine fauna, including molluscs and foraminifers, and micro-and macrospores were also found.
In the Holy Cross Mts. the Upper Hettangian is represented by the Przysucha Ore-bearing Formation, which was deposited mainly in marginal-marine conditions. It is developed mostly in fine-grained facies deposited in an environment of brackish lagoons, coastal barriers, and deltas, and is composed of intercalated sandstones as well as limeless, grey, greenish-grey, brown, and variegated claystones and mudstones. They contain siderite intercalations, abundant plant remains, and in some regions plant roots. A distinctive feature of this formation is the occurrence of so-called ore horizons, that is, claystone/ After Karaszewski, 1960 After Pieńkowski, 2004 (Pieńkowski 2004 , Pieńkowski et al. 2008 .
The Sinemurian is represented by the Ostrowiec Formation. The lower part of it consists of alluvial sandstone with intercalations of mudstone beds and abundant plant remains. The middle and upper parts are dominated by shallow brackish-marine sandstone and mudstone interbedded by lagoonal, barrier and deltaic deposits (Pieńkowski 2004) .
MATERIALS AND METHODS

LOCALITIES
The material selected for this research comes from four sites in the Holy Cross Mts region. Triassic and Lower Jurassic material from three boreholes (Studzianna, Przysucha P-3, and Huta OP-1) were analysed. Lower Jurassic rocks from the Odrowąż outcrop were also sampled.
Studzianna
The Studzianna borehole at the northern margin of the Holy Cross Mts. is 60 km north-west of Skarżysko-Kamienna (Fig. 2) .
The borehole section includes Triassic and Jurassic sediments which Karaszewski studied (see earlier citations); in that work he focused on sediments of the Rhaetian, the entire Lower Jurassic and the Lower Aalenian (Middle Jurassic). He described the profile of the Lower Jurassic part of the section in detail (Karaszewski 1962) ; from an analysis of the core he distinguished the nine series which became the basis for the formal stratigraphical division of the Lower Jurassic in the Holy Cross Mts region (Pieńkowski 2004 ).
Huta OP-1
The Huta OP-1 borehole is on the northern margin of the Holy Cross Mts., 12 km north-east of Skarżysko-Kamienna (Fig. 2) . The core from this place incorporates sediments of the Upper Triassic and the Hettangian (Pieńkowski 2004 ).
Przysucha P-3
The Przysucha area comprises part of the Gielnów mega-anticline and the Opoczno syncline, which are on the border between the northern margin of the Holy Cross Mts. and the southern part of the Kujawy Anticlinorium (now called the Kujavian Swell) (Pożaryski 1974).
The Przysucha P-3 borehole is ca 40 km west of Radom (Fig. 2) . Karaszewski completed the profile of this borehole in 1971-72. It incorporates sediments of the lower part of the Lower Jurassic (Skłoby and Przysucha Ore-bearing formations -Hettangian).
Odrowąż
The Odrowąż site, also known as Sołtyków, located 25 km north of Kielce (Fig. 2) , is an outcrop in a clay pit, in which Jurassic flora occurs. The outcrop was designated a geological reserve in 1997. According to Pieńkowski (2004) and siderites with coal intercalations, and has been dated to the early Hettangian. This age was confirmed by assemblages of microspores (Ziaja 2006 ) and megaspores, in particular by the presence of the Lycostrobus scotti Nathorst megaspore, which is regarded as an age-diagnostic index fossil for the Lower Jurassic (Marcinkiewicz 1957 , Marcinkiewicz et al. 1960 ). In the Early Jurassic the investigated area was part of a region containing numerous freshwater basins. The Odrowąż succession is interpreted as a sequence of meandering rivers deposits (Pieńkowski 1998) .
Also described from this area are plant macroremains (Reymanówna 1987 , b, 1992 , Wcisło-Luraniec 1987 , b, 1992 , Barbacka et al. 2010 , dinosaur footprints (Pieńkowski & Gierliński 1987 , Gierliński & Pień-kowski 1999 , and insect remains (Węgierek & Zherikhin 1997) .
MATERIAL
Fourteen samples from the Studzianna profile were collected (Tab. 1, Fig. 3 ), from which 70 microscope slides (5 slides per sample) were prepared for palynological and palynofacial analysis. To account for differences in data resulting from differences in research methods, another 40 slides were prepared from the Studzianna profile and compared with 40 slides that Ziaja made in 1987 from the same horizons without using nylon sieves.
Sixteen samples from the Huta OP-1 profile were collected (Tab. 2, Fig. 3 ), from which 80 microscope slides were prepared (5 preparations per sample).
Eight samples from the Przysucha P-3 profile were collected (Tab. 3 , Fig 4) , from which 40 microscope slides were prepared (5 preparations per sample).
This study also used 20 microscope slides from The methods were applied to rock samples taken from different horizons of the Studzianna borehole. Five preparations were made for each horizon. Initial processing of the samples involved removal of all carbonates using 35-38% hydrochloric acid. The residue was treated by 40% hydrofluoric acid for 48 hours to remove any silicates. In methods 1 and 2 the sample was sieved to dispose of the finest fraction. The microscopy images of the samples differed between methods. There was no significant change in the mixing ratio of the palynofacies elements but the clarity of the slides and the state of preservation of the palynomorphs were markedly improved by the use of nylon sieves (Krupnik 2011) .
T R I A S S I C
As the sediment was composed of finer grains, heavy liquid flotation turned out in this case proved particularly important. Using precisely calibrated (15 µm) nylon micromeshes (NYTEX), organic and inorganic microparticles that had been resistant to previous treatments were removed. This facilitated the conversion analysis of palynofacies and improved the photographs of palynomorphs.
The analyses were aimed at reconstructing the local and regional palaeoenvironmental conditions. The palynofacial analyses determine the relative abundance and type of organic matter with grain size over 15 µm. Combined with pollen analyses, they give a picture of some components of the environment and sedimentation processes. The elements of palynological matter contained in the sediments are characteristic of specific palaeoenvironments. The relations between these elements may reflect palaeogeographic changes and so may assist in reconstructing them. Additional analyses employing the Sporomorph EcoGroup (SEG) model (Abbink 1998 , Abbink et al. 2001 , 2004 , which assigns particular sporomorphs to plant groups, help determine their living environment. These sites have never before been subjected to palynofacies or SEG analyses.
Nikon Eclipse E400 and Nikon Eclipse E600 microscopes were used for the observations and analyses of all samples. In the palynofacial analyses, all the organic particles on each of the slides were counted (at least 500 particles per sample totalling up 5 slides for every sample). The organic matter categories follow Steffen & Gorin's (1993) classification. Numerical data for the palynofacial analysis graphs are given in Appendix 1. The material is stored in the palaeobotanical collection of KRAM-P, PM (Botany Museum, W. Szafer Institute of Botany, Polish Academy of Sciences). 
J U R A S S I C L O W E R H E T T A N G I
PALYNOLOGY AND PALYNOSTRATIGRAPHY
The sporomorph assemblages in the Triassic and Rhaetian samples (Tab. 4) are similar to assemblages described for the Germanic Basin region (Orłowska-Zwolińska 1983) .
The Triassic samples from the Studzianna and Huta OP-1 boreholes are dominated by Classopollis pollen grains (ca 50%). The sporomorph assemblage, typical of Rhaetian/Hettangian microfloras, is dominated by bisaccate pollen grains, fern spores, seed ferns, and Classopollis pollen grains. Classopollis belongs to coniferous plants from the extinct family Cheirolepidiaceae (Alvin 1982) and occurs in the samples as single grains and tetrads.
The taxa on the slides from the Rhaetian sediments of the Huta OP-1 borehole correspond to the 7th group of sporomorphs (Fijałkowska 1992 (Couper 1958) .
The slides of sediments from the Przysucha Ore-bearing Formation (Przysucha P-3) are dominated by bisaccate pollen grains adapted for long-range wind transport, of the genera Alisporites and Vitreisporites. The bisaccate Alisporites sp. pollen grains may represent seed ferns. Similar pollen grains are also produced by coniferous plants of the families Pinaceae and Podocarpaceae (Balme 1995) .
The Zagaje, Skłoby and Przysucha Orebearing formations are of Hettangian age. The sporomorph composition of the samples taken from these sediments is similar to that of the Pinuspollenites-Trachysporites Zone (Lund 1977) , but these samples are dominated by Classopollis spp. pollen (ca 70%). Spores also form a high share but they are not dominant. Pinuspollenites minimus pollen grains are not abundant.
Microspore zonations for the Lower Jurassic (Tab. 6) have been presented by Schulz (1967) , Lund (1977 ), Dybkjaer (1988 ), and Koppelhus & Batten (1996 , among others.
The Cerebropollenites macroverrucosus Zone (Dybkjaer 1988) is similar in sporomorph composition to the zone from the Hettangian age but has been defined on the basis of the distinctive first appearance of Cerebropollenites macroverrucosus pollen grains. The upper boundary of this zone is marked by a rise in the number of Spheripollenites pollen grains and the appearance of the genus Leptolepidites (Dybkjaer 1988).
Samples taken from the sediments of the Ostrowiec Formation at Studzianna, which represents the Sinemurian (Fig. 3 , Tab. 1), were not assigned to a miospore zonation. The sporomorph composition resembles that of the lowermost formations but the poor state of preservation of Cerebropollenites spp. made it impossible to confirm them as Cerebropollenites macroverrucosus and thus to assign the sporomorphs of those samples to the Cerebropollenites macroverrucosus Zone (Dybkjaer 1988).
SPOROMORPH GROUPS
Every attempt to classify plant communities in the Mesozoic is hampered by uncertainty about the botanical affinity of numerically important sporomorphs and the ecological preferences of extinct parent plants. However, habitats can be characterised based on the presence of taxa with very similar ecological preferences. Ecological community types are the basis for the Sporomorph Ecogroup conceptual model.
Despite the effect of processes related to preservation state, transport and sedimentation, accumulations of sporomorphs reflect the composition of terrestrial plant communities (Chaloner & Muir 1968 , Traverse 1988 , Abbink 1998 ). They are most useful for the Quaternary, which is distinctive for the similarity of the plant communities to those that grow today. Reconstructions of this sort can also be done from Pre-Quaternary sediments. Abbink (1998) proposed the Sporomorph EcoGroup Model (SEG) method. This model is based on a division of sporomorph groups (Sporomorph EcoGroups) that reflects the composition of the corresponding plant communities: Upland, Lowland, River, Pioneer, Coastal, and Tidally-influenced SEGs (Tab. 7). Changes in the quantitative composition of SEGs can be employed to reconstruct climatic changes.
A nutrient shortage or reduced availability of freshwater in upland areas may lead to environmental stress. Periodic submersion and riverbank erosion will force plants to adopt ruderal strategies. Ruderal strategies will also be used by first colonisers or pioneer plants. Plants in lowlands will also exhibit competitive strategies adapted to that habitat (Abbink et al. 2001) . Plants' tolerance to environmental stress and disturbances is not completely understood. Plants can develop in several environments, for example both in lowlands and along rivers (Abbink et al. 2004) . Abbink (1998) noted that spores belonging to Schizaeaceae, Cyatheaceae, Dicksoniaceae, Dipteridaceae, and Pteridaceae may be characteristic of Lowland or River SEGs. Bryophyte spores may also be in River or Lowland SEGs. Vitreisporites pollen grains of the order Caytoniales were also included by Abbink in the River SEG, but the parent plant can also grow under canopy, so these grains should be assigned to the Coastal SEG, as Zatoń et al. (2006) suggest. The Sporomorph EcoGroup model was initially established for the Upper Jurassic/Lower Cretaceous in the North Sea region. The climatic conditions that prevailed in that period differed from those at the Triassic-Jurassic boundary. The warmer/cooler and more humid trends described by Abbink do not apply to sporomorphs from the Triassic-Jurassic boundary, because the climate at the end of the Jurassic and the beginning of the Cretaceous was much more humid. The parent plants of many sporomorphs from the Mesozoic are still unknown. The SEG model is therefore incomplete (Ruckwied et al. 2008) . A number of The Upland SEG is represented by bisaccate pollen grains from seed ferns and coniferous trees (Pinaceae and Podocarpaceae) and Cheirolepidiaceae. The Lowland SEG contains spores belonging to Equisetales, Lycophyta, and Pteridophyta, and pollen grains from Cycadales, Bennettitales, and Ginkgoales, as well as Coniferales (Taxodiaceae). The River SEG is comprised of Bryophyta, Lycophyta, 
COMMENTS
Ferns from the LOWLAND SEG may also belong to the RIVER SEG Mosses from the RIVER SEG may also belong to the LOWLAND SEG Pteridophyta, seed ferns, and Cheirolepidiaceae. The Pioneer SEG probably represents coniferous trees of the family Taxodiaceae, while the Coastal SEG is composed of coniferous trees of the family Araucariaceae. The Tidally-influenced SEG incorporates Lycophyta (Sellaginellaceae) and seed ferns. When determining Sporomorph EcoGroups we omitted the presence of Classopollis pollen grains from the graphs because on most of the slides these grains were several times more abundant than the other sporomorphs (50-70% of all sporomorphs per sample), making it difficult to graphically depict the differences in results together. The numerical data for the Sporomorph EcoGroup graphs are given in Appendix 2. STUDZIANNA (Fig. 5) Groups belonging to the Upland SEG and Lowland SEG appear, but also those belonging to River and Coastal SEGs. The pollen grains most frequently appearing in these sediments are of the family Araucariaceae (Araucariacites sp.), which, if they occur at high frequency, are usually associated with a warm climate without wide seasonal amplitudes (Mohr 1989 , Abbink 1998 . Also occurring are ferns of the families Osmundaceae, Cyatheaceae, Dicksoniaceae, Schizaeaceae, and Matoniaceae, which also grow well in warm climate (Abbink 1998 ).
HUTA OP-1 (Fig. 6) Groups belonging to the Upland SEG and Lowland SEG appear, but also those belonging to River and Coastal SEGs. PRZYSUCHA P-3 (Fig. 7) The samples taken from the Przysucha P-3 borehole present diverse environments. Groups belonging to the Upland SEG and Lowland SEG appear, but also groups belonging to River and Coastal SEGs. The shares of taxa from Coastal and Tidally-influenced SEGs are significant. The Przysucha Orebearing Formation, represented by the majority of the samples from the Przysucha P-3 borehole, is associated with sediments of broad bays or lakes, separated by river or delta deposits.
The Odrowąż site is represented by microflora assemblages of the kind described from the Zagaje Formation samples from the In the studied samples the main assemblage comprises phytoclasts that are translucent or small and opaque (Fig. 8, Pl. 1, fig. 6 ). The preparations from the Studzianna profile are notable for their large shares of bisaccate pollen grains of seed ferns or coniferous plants (Fig. 9, Pl. 2) .
The Przysucha Ore-bearing Formation palynofacies is rich in semi-translucent and translucent phytoclasts (Pl. 2, fig. 3 ), the cuticles are very well preserved, and sporomorphs are abundant (Pl. 1, fig. 5 ). It is built of deposits of wide shallow bays or lagoons.
The Ostrowiec Formation (Pl.1, fig. 6 ) shows strong terrestrial influences (Barbacka et al. 2009 ).
Our analysis of the material from Studzianna (Fig. 8) In the sediments from the Huta OP-1 borehole we distinguished several different palynofacies reflecting slightly differing sedimentation conditions (Fig. 10) . In the samples the palynofacies are dominated by terrestrial particles. Sixteen samples taken from the borehole were used for palynofacial analyses.
Three of the samples (202.6-197 m) come from Triassic sediments. The slides from these levels contain only opaque and translucent phytoclasts, and amorphous organic matter. Sporomorphs comprise only a few percent of the total particles in those samples. These are mainly bisaccate pollen grains, including Alisporites sp. seed ferns (Fig. 11) .
The palynofacies in the four samples taken do not contain many elements but the preserved palynofacies point to a fluvial environment, in accordance with findings by Pieńkowski (2004) .
In the next eight samples, from 103.5-36.8 m depth (Zagaje Formation, Hettangian), we noted translucent phytoclasts and numerous accumulated sporomorphs from ferns of the Matoniaceae family (Matonisporites sp.) (Pl. 1, fig. 2 ). Copious amounts of pollen grains from conifers are present but their diversity is low (large amount of Classopollis pollen grains only).
The sample from 21.5 m depth (Skłoby Formation, Hettangian) is rich in translucent phytoclasts, well-preserved cuticles and numerous sporomorphs, with predominance of bisaccate pollen grains (Fig. 11 ), pointing to a sedimentation environment possibly associated with a lagoon.
In the Huta OP-1 borehole sediments we distinguished several different palynofacies reflecting slightly differing sedimentation conditions (Fig. 10) . In all those samples the palynofacies are dominated by terrestrial particles. The slides are dominated by translucent phytoclasts and also small opaque phytoclasts (Fig. 12) . In all samples the frequency of sporomorphs is low, ranging from a few to a dozen or so per slide (Fig. 13, Pl. 1, fig. 4 ). The composition of the palynological matter from Przysucha P-3 indicates a terrestrial environment of sediment deposition.
ODROWĄŻ
The palynological organic matter contained in all the investigated samples from Odrowąż is composed mainly of terrestrial particles (Fig. 14) . The manner of development of the palynofacies may indicate intensive supply of organic matter by a fluvial system from adjacent land. There are numerous pollen grains of Classopollis sp (Fig. 15) .
COMPARISON WITH MACROFLORA
Macroflora remains were described from the Odrowąż outcrop (Reymanówna 1991a , b, 1992 , Wcisło-Luraniec 1991a , Barbacka et al. 2007 and recently studied from two of the boreholes introduced in the present paper, Studzianna and Huta OP-1.
The floristic composition of these three localities based on sporomorphs differs somewhat from the composition reconstructed using macroremains. Certain groups whose occurrence was confirmed or suggested by the presence of of this group were noted from all localities but leaf fragments were found only in material from Odrowąż. Vitreisporites pallidus, indicating the presence of Caytoniales, is common in material from all localities but macrofossils from this group are entirely lacking. Pollen grains belonging to coniferophytes are very abundant, particularly those of the genus Classopollis, but specimens of Hirmeriella muensteri are known only from Odrowąż.
The disparity between sporomorph diversity and macroremains diversity may be explained by differences in preservation and in the dispersal pathways between sporomorphs and macroremains. Sporomorphs are produced in huge amounts and are more resistant in sediments. They are dispersed differently and can be transported over much longer distances.
Plant organs fossilise in a narrower range of circumstances than sporomorphs are. Sometimes they are not preserved because of their fine structure (e.g. Selaginellaceae or fine ferns). Sometimes their environment does not promote fossilisation and their presence in a given territory will be detected only by their spores or pollen grains. Sporomorphs, on the other hand, can be transported by water and wind far from their natural sites, so their presence is not absolute proof of the plant composition of a locality.
DISCUSSION AND CONCLUSIONS
The palynofacies from the Upper Triassic in the investigated area are terrestrial in nature. Some sporomorph habitats representing the Lowland SEG are associated with vegetation that may have overgrown riverbanks (River SEG). The determined sporomorph types indicate a warm environment. At the end of this period the climate changed, becoming more humid.
The palynofacies of the Lower Jurassic sediments are also terrestrial in nature. The spores and pollen grains represent various plant groups: Bryophyta, Sphenophyta, Lycophyta, Pteridophyta, Pteridospermophyta, Cycadophyta or Ginkgophyta, and Coniferophyta. They correspond to the different types of environment (sensu Abbink 1998) that existed during the Jurassic, and they were associated with upland terrain as well as lowland terrain with a developed river network (Upland SEG, Lowland SEG, River SEG). The occurrence of spores representing the fern families Matoniaceae and Schizaeaceae suggests a warm and rather humid climate.
The lower part of the Zagaje Formation is associated with an environment of river valleys covered with low-and high-growing vegetation. The upper part of this formation represents a deltaic environment.
The Skłoby Formation (Lower-Middle Hettangian) has a palynofacies rich in semi-translucent phytoclasts, well-preserved cuticles, and abundant sporomorphs, with bisaccate pollen grains dominant.
The Przysucha Ore-bearing Formation has a palynofacies of shallow sediments and broad bays or lagoons divided by sandy deposits of deltas, barriers, and rivers. Translucent phytoclasts clearly predominate but are clumped in agglomerates together with black phytoclasts; this is typical of sediments subject to variable irrigation.
The samples from the Ostrowiec Formation (Sinemurian) taken from the Studzianna borehole are rich in fine dispersed organic particles. The sporomorphs are abundant but poorly preserved. There are similar shares of Sporomorph EcoGroups representing all the habitats.
The data from palynological analyses of the early Jurassic samples show dominance of plants of the orders Cycadales and Coniferales. These plants apparently constituted the upper stories of forest. The ferns and tree ferns having sporomorphs in the sediments probably were elements of the forest undergrowth, as they are in modern subtropical forests.
In the Zagaje Formation, Classopollis sp. pollen grains are the dominant element in all of the samples, appearing in huge amounts (ca 70% of all sporomorphs per sample). These grains were produced by, for example, Hirmeriella, an extinct plant of the order Coniferales, family Cheirolepidiaceae. Among modern plants there is no equivalent of the kind of pollen grain construction found in Classopollis. Its small size suggests anemophily, but the retention of grains in tetrads may also have some connection with entomophily (Alvin 1982) . The Classopollis pollen grains we studied belong to the River SEG, because Hirmeriella may have formed humid dense forest along the river bank (Barbacka et. al. 2007 (Barbacka et. al. , 2010 , or to the Upland SEG. Since their manner of dispersal has not been clarified, it is not possible to determine what percentage of the Classopollis pollen grains in our samples correspond to vegetation growing at the investigated sites. However, the presence of these pollen grains in every sample suggests that Cheirolepidiaceae formed one of the main components of the flora of the investigated periods, especially the Lower Jurassic.
The appearance of Classopollis pollen in the Rhaetian sediments indicates relatively moderate climate (Vakhrameev 1981 , Barrón et al. 2006 ). An increase in the number of trilete spores at the Triassic-Jurassic boundary is interpreted as indicating a rise in humidity. This accords with geochemical evidence for a rise in humidity occurring at the TriassicJurassic boundary (Cohen & Coe 2002 , 2007 , Götz et al. 2009 ).
The drill cores (Studzianna, Huta OP-1) are incomplete in the transition sediments (there is a gap), and the sampling distances were large. Our analyses showed little difference in the sporomorph composition of the collected samples. The only notable feature is an increase in Classopollis pollen grain content in the samples from Zagaje Formation sediments, characteristic of the transition period. The sporomorphs from the Lower Jurassic sediments (Zagaje, Skłoby and Przysucha Ore-bearing formations) are similar in composition to the kind of sporomorphs described for the Pinuspollenites-Trachysporites Zone by Dybkjaer (1988) and by Koppelhus and Batten (1996) between the Triassic and Jurassic.
We applied the Sporomorph EcoGroup (SEG) model (Abbink 1998) to characterise the ecological plant assemblages. The most frequently occurring sporomorphs were assigned to Upland, Lowland and River SEGs. Stratigraphical changes in each of the SEGs indicate differences in climatic conditions.
The floristic composition of the Studzianna, Huta and Odroważ localities based on sporomorphs differs somewhat from the composition reconstructed from macroremains, probably due to differences in dispersal pathways and preservation. 
